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Abstract 

A  flexible  computer  model  is  developed  to  predict  future  energy  use  in 
nonresidential  buildings.   Historical  floor  space  addition  data  are  combined 
with  a  building  decay  scheme  to  calculate  the  age  distribution  of  existing 
buildings.   By  specifying  future  floor  space  growth  rates,  the  energy  intensity 
of  new  structures  over  time  and  (if  desired)  a  retrofit  program  to  upgrade 
existing  buildings,  the  model  calculates  future  energy  consumption.   This 
energy  use  model  is  applied  to  four  alternative  futures  that  depend  on  assumed 
energy  prices.   Sensitivity  to  floor  space  growth  rates  for  commercial,  educa- 
tional and  government  buildings  is   investigated.   In  each  of  a  wide  variety 
of  technological  improvements  in  new  buildings  and  retrofit  programs,  a  2%   in- 
crease in  floor  space  growth  rates  over  the  1976-2010  period  results  in  essential- 
ly a  doubling  of  energy  use  in  2010  when  compared  to  the  lower  growth  rate  case. 


li 


Nonresidential  Building  Energy  Use  1976-2010 
Donna  Amado  and  David  A.  Pilati 

I.   Introduction 

This  report  documents  the  development  of  a  simple  computer  model  that 
predicts  nonresidential  building  energy  use  through  the  year  2010.   It  can  be 
used  to  investigate  a  number  of  possible  futures  and  their  impact  on  energy 
use  in  the  buildings'  sector.   The  model  is  based  on  historical  floor  space 
additions  and  on  an  assumed  decay  rate  for  the  building  stock.   Given  the  energy 
intensities  of  new  buildings,  the  energy  intensities  resulting  from  building 
retrofit  programs  (if  desired),  and  the  floor  space  growth  rate  of  nonresidential 

buildings  (separated  into  three  subsectors :   commercial,  educational  and  govern- 

2 
ment),  this  model  calculates  the  overall  energy  intensity  (Btu/ft  -yr)  and 

energy  use  by  each  subsector  as  a  function  of  time. 

Nonresidential  buildings  are  considerably  less  homogeneous  than  residential 

structures.   A  recent  study  of  commercial  building  energy  use  in  Baltimore 

1  2 

categorized  buildings  into  12  types.    The  average  energy  intensity  (Btu/ft  -yr) 

of  these  building  types  differed  by  nearly  a  factor  of  five.   As  shown  in 

Table  1,  differences  between  energy  intensities  within  a  single  building  type 

are  often  greater  than  a  factor  of  10.   Therefore,  building  energy  use  depends 

not  only  on  the  purpose  of  the  building  but  on  many  other,  as  yet,  undetermined 

factors. 

The  study  cited  above  also  discussed  the  energy  intensity  of  commercial 

buildings  as  a  function  of  age  for  three  building  types.   Figure  1  illustrates 

the  results  of  this  comparison.   This  limited  information  implies  that  older 


Table  1.   Differences  Between  Energy  Intensities  (El) 
of  Similar  Building  Types  in  Baltimore 


Building  Type 

Restaurants 
Night  Clubs 
Drug  Stores 
Food  Stores 
Department  Stores 
Hotels /Mot els 
Banks 
Offices 

Personal  Services 
Small  Stores 
Theaters 
Warehouses 


Average  EI 
2 


(Btu/ft  -yr) 

Maximum  EI /Minimum  EI 

300,000 

1U.1 

253,192 

8.9 

232,672 

6.2 

206,986 

U.5 

16U.U12 

6.6 

1^6,597 

2.k 

1M*,63U 

k.9 

12U,6U7 

20.6 

117,318 

53.1 

95,378 

55.8 

75,8M+ 

k.l 

61,973 

U1.0 

Source:  Ref.  1. 
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buildings  use  less  energy  per  unit  floor  area  than  newer  buildings.   This  re- 
sult, as  well  as  the  fact  that  older  buildings  will  probably  be  retired  sooner 
than  new  buildings,  suggests  that  only  newer  buildings  will  be  extensively 
retrofitted  to  reduce  their  energy  consumption.   Therefore,  a  predictive  energy 
use  model  for  buildings  should  reflect  this  belief. 

Although  tremendous  disparties  exist  between  building  energy  use  at  the 
micro  level,  our  macro  model  is  driven  only  by  assumed  overall  energy  intensities 
(for  new  and  old  buildings)  and  total  floor  space  additions  for  commercial, 
educational  and  government  buildings.   The  next  section  describes  the  methodology 
for  constructing  the  model.   The  model  is  then  used  to  project  energy  use  by  the 
three  building  types  under  four  assumed  futures.   These  futures  are  based  on 
2010  energy  costs  that  are  one-half,  the  same,  two  times  and  four  times  current 
petroleum  fuel  costs.   (The  energy  price  assumptions  are  based  on  preliminary 
scenarios  generated  by  the  Demand/ Conservation  panel  of  the  National  Academy 
of  Sciences'  Committee  on  Nuclear  and  Alternative  Energy  Systems.)  Appropriate 
technologies  and  retrofit  programs  for  each  of  the  scenarios  are  assumed. 


II .   Methodology 

For  our  purpose,  nonresidential  buildings  are  disaggregated  into  com- 
mercial, educational  and  government  subsectors .  The  selection  of  this  disag- 
gregation scheme  resulted  from  two  reasons:   l)  the  desire  to  interact  with 
existing  input-output  models  and  2)  future  growth  in  these  subsectors  is 
probably  dependent  on  different  factors. 

The  existing  floor  space  for  nonresidential  buildings  is  not  known.   How- 
ever, it  can  be  calculated  given  historical  floor  space  additions  and  a  decay 
scheme  for  these  buildings.  The  period  of  historical  data  required  depends  on 
the  decay  scheme  assumed.   For  this  study,  we  have  made  the  following  a  priori 
assumption  about  the  disappearance  of  buildings  over  time:   l)  no  buildings  are 
removed  from  the  stock  during  the  first  15  years  of  their  life  and  2)  buildings 
disappear  at  a  constant  rate  after  15  years  of  service  until  none  exist  after 

85  years  of  service.   This  decay  scheme  is  depicted  in  Fig.  2.   As  shown  for 

2 
appliances  in  Dole  ,  a  simple  linear  decay  scheme  is  a  somewhat  rough  approx- 
imation to  more  sophisticated  schemes.  Also,  a  median  building  lifetime  of 

3 
50  years  is  consistent  with  other  observations. 

For  the  assumed  decay  scheme,  floor  space  additions  for  each  subsector 

from  1890  to  1975  are  required  to  project  the  building  stock  and  age  distri- 

3 
but ion  into  the  future.   Salter,  et  al.   give  floor  space  additions  from  1925 

through  1971  for  seven  building  types  that  can  be  appropriately  aggregated  to 

the  three  types  used  in  this  study.   Floor  space  additions  through  197^  are 

assumed  to  change  in  proportion  to  the  changes  given  in  the  Statistical 

Abstracts  of  the  United  States     for  each  buiilding  subsector.   It  is  assumed 
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that  1975  additions  are  the  same  as  197^  because  of  the  economic  recession 
during  this  period.   Floor  space  additions  for  each  subsector  prior  to  1925 
are  assumed  consistent  with  the  Rigleman-Isard  building  activity  index 
(1915-1925)  and  the  Newcomb  building  activity  index  (1890-1915).   Floor  space 
additions  for  each  subsector  over  the  1890-1975  period  are  given  in  Appendix  A. 
Appendix  A  also  gives  the  listing  of  a  short  computer  program  that  calculates 

I  the  1975  inventory  and  age  distribution  of  buildings.   This  information  is 
required  as  input  to  the  energy  use  model.   The  calculated  1975  floor  space 
(inventory)  for  each  subsector  is  also  included  in  Appendix  A. 

A  listing  of  the  energy  use  model  and  user  instructions  for  projecting 
building  subsector 's  energy  consumption  are  given  in  Appendix  B.   The 
following  items  are  required  as  input  to  the  program: 

1)  The  age  distribution  and  inventory  of  the  existing  building  stock 
(calculated  from  program  in  Appendix  A). 

2)  Subsector  floor  space  growth  rates  with  up  to  5  separate  growth 
periods. 

3)  The  energy  intensity  of  buildings  constructed  in  each  year  from 
1976-2010  (normalized  to  1.0  for  existing  buildings). 

h)       A  prescribed  retrofit  program,  if  desired.   All  buildings  constructed 
between  a  specified  year  and  1975  can  be  retrofit  over  some  specific 
time  period.   The  energy  intensities  of  retrofit  buildings  over  time 
are  input . 

By  combining  the  floor  space  growth  rates,  retired  stock,  new  additions, 

and  retrofitted  building  stock,  the  energy  use  model  calculates  building  energy 

intensity  and  energy  use  over  time. 


III.   Scenario  Description 

The  building  energy  use  model  has  been  used  to  investigate  a  number  of 
alternative  futures  that  depend  on  energy  prices  and  growth  rates  for  floor 
space  in  each  subsector.   As  energy  prices  increase,  it  is  assumed  that  more 
energy  efficient  building  design  will  be  employed  and  that  more  extensive 
retrofitting  of  existing  buildings  will  occur  in  response  to  these  higher  fuel 
prices.   Table  2  gives  the  energy  intensities  of  new  nonresidential  buildings 
as  well  as  the  retrofit  programs  for  each  energy  price  scenario  (energy  intensi- 
ties are  normalized  to  1.0  for  existing  buildings).   The  Table  2  scenarios  are 
used  for  each  of  the  building  subsectors. 

Predicted  building  energy  use  also  depends  on  the  growth  rates  assumed 
for  each  building  subsector.   The  energy  use  model  has  been  used  to  investigate 
several  growth  rate  assumptions  for  each  building  subsector.   Table  3  gives  the 
various  growth  rates  investigated.   The  base  case  growth  rate  assumptions  are 
also  noted  in  Table  3. 


Table  2.   Energy  Intensities  of  New  and  Retrofitted  Structures  for  Each  Scenario 

Scenario  I  (Energy  prices  are  halved  by  2010) 

Energy  Intensity  of  New  Structures  (all  subsectors) 

-1975        1980       1990        2000        2010 

1.0       1.05       1.15       1.25       1.35 

No  Retrofit  Program 

Scenario  II  (Energy  prices  remain  constant) 

Energy  Intensity  of  New  Structures  (all  subsectors) 


1975 
1.0 


1980 
1.0 


1990 
1.0 


2000 
1.0 


2010 
1.0 


No  Retrofit  Program 
Scenario  III  (Energy  prices  are  doubled  by  2010) 
Energy  Intensity  of  New  Structures 
1975        1980       1990        2000        2010 


Commercial 

1.0 

.92 

.60 

.60 

.60 

Education 

1.0 

.90 

.50 

.50 

.50 

Government 

1.0 

.85 

.1*0 

.1+0 

.Uo 

Retrofit  Program:   Retrofit  remaining  buildings  con- 
structured  between  i960  and  1975- 

Energy  Intensity  of  Retrofitted  Structures  (all  subsectors) 


1975 

1980       1990       2000 

2010 

1.0 

.90        .60        .60 

.60 

Scenario  IV  (Energy  prices  are  quadrupled 

by  2010) 

Energy  Intensity  of  New  Structures 

1975 

1980       1990       2000 

2010 

Commerical 

Education 

Government 

1.0 
1.0 
1.0 

.80         .60         .51 
.75        .50        .U2 
.70       .Uo       .3*+ 

.1*2 
.35 
.28 

Retrofit  Program:  Refrofit  remaining  buildings  con- 
structed between  1950  and  1975. 

Energy  Intensity  of  Retrofitted  Structures  (all  subsectors) 


.975 

1980 

1990 

2000 

2010 

1.0 

.80 

.60 

.60 

.60 

Table  3.   Building  Subsector  Growth  Rates  Investigated 


Subsector 
Commercial 


Educational 


Annual  Growth  Rates  (period) 

0.055   (1976-2010) 
1.0?    (1976-2010) 
3.0$   ( 1976-2010 )a 
5.0?   (1976-2010) 


0.0?  (1976-2010) 
-.7?  (1976-1985),  0 
1.0?  (1976-2010) 

3.0?    (1976-2010) 


(1986-1990),    .8?   (1991-201C 


Government 


0.0?  (1976-2010) 

1.0?  (l976-2010)a 
3.0?  (1976-2010) 
5.0?  (1976-2010) 


Growth  rate  assumed  for  base  case. 

Based  on  Series  2  projected  population  in  the  age  group  from  5  to  2h   years 
Source:   U.S.  Department  of  Commerce,  Projection  of  the  U.S.   Population: 
1975-2030,   Series  P-25,   October,  1975. 
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IV.   Results 

Predicted  overall  energy  use  for  the  base  case  growth  rates  (see  Table  3) 
is  illustrated  in  Fig.  3.   For  all  four  scenarios  nonresidential  building 
energy  use  is  higher  in  2010  than  in  1975-   Because  of  the  retrofit  programs  as- 
sumed in  Scenarios  III  and  IV,  energy  use  remains  essentially  constant 
for  some  time.   However,  by  the  year  2010  the  positive  floor  space  growth  rates 
assumed  result  in  overall  energy  use  continuing  to  increase  at  a  level  con- 
siderably above  their  1975  values. 

Table  h  gives  detailed  subsector  projections  of  base  case  energy  use.  Although  over- 
all energy  use  increases  for  each  scenario,  both  educational  and  government  build- 
ing energy  use  declines  in  Scenarios  III  and  IV.   This  is  due  to  the  lower 
growth  rates  assumed  for  these  subsectors.   The  higher  commercial  floor  space 
growth  rates  (3%   per  year)  results  in  this  subsector  increasing  its  energy  use 
in  all  cases. 

Because  of  the  effects  of  floor  space  growth  rate  assumptions,  it  is  inter- 
esting to  compare  subsector  energy  use  for  various  assumed  growth  rates.   Table 
5  gives  the  2010  energy  use  by  subsector  for  the  growth  rates  given  in  Table  3 
for  each  scenario.   Table  5  shows  that  each  subsector' s  energy  use  is  very 
sensitive  to  the  assumed  floor  space  growth  assumption.   In  each  of  a  wide 
variety  of  technological  improvements  in  new  buildings  and  retrofit  programs, 
a  2%   increase  in  floor  space  growth  rate  over  the  1976-2010  period  results  in 
essentially  a  doubling  of  energy  use  in  2010  when  compared  to  the  lower  growth 
rate  case. 
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Table  k.      Base  Case  Nonresidential  Building  Energy  Use  1975 

(1015  Btu) 
Scenario  I 


-2010c 


Building  Type 

1975 

1980 

1990 

2000 

2010 

Commercial 

5.1+9 

6.1+0 

8.88 

12.63 

18.19 

Educational 

2.01+ 

1.98 

2.08 

2.36 

2.70 

Government 

.62 

.65 

.7>4 

.85 

•  99 

TOTAL 

8.15 

9.03 
Scenario  II 

11.70 

15.81+ 

21.88 

Building  Type 

1975 

1980 

1990 

2000 

2010 

Commercial 

5.1*9 

6.36 

8.55 

11.  U9 

15.1*5 

Educational 

2.0U 

1.98 

2.05 

2.22 

2.1+0 

Government 

.62 

.65 

.72 

.80 

.88 

TOTAL 

8.15 

8.99 
Scenario  III 

8.61 

10.05 

12.17 

Building  Type 

1975 

1980 

1990 

2000 

2010 

Commercial 

5.1+9 

6.03 

6.57 

8.06 

10.1U 

Educational 

2.01+ 

1.88 

1.53 

1.1+9 

1.1+9 

Governmental 

.62 

.61 

•  51 

.50 

.59 

TOTAL 

8.15 

8.52 
Scenario  IV 

8.61 

10.05 

12.17 

Building  Type 

1975 

1980 

1990 

2000 

2010 

Commerical 

5.1*9 

5.5U 

6.05 

7.^3 

8.92 

Educational 

2.0U 

1.70 

1.3U 

1.32 

1.29 

Governmental 

.62 

.56 

.1*7 

.1+6 

.1+1+ 

TOTAL 

8.15 

7.80 

7.86 

9.21 

10.65 

Building  energy  use  in  1975  is  disaggregated  by  floor  space  fraction  for  each 
subsector.   Total  energy  use  in  1975  based  on  Eric   Hirst  and  Jerry  Jackson, 
Historical  Patterns  of  Residential  and  Corrmerical  Energy  Uses3   Oak  Ridge 
National  Laboratory  Draft  Report,  September  1976. 
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Table  5.  Building  Subsector  Energy  Use  in  2010  for  Various  Floor  Space 
Growth  Rate  Assumptions 


Commercial  (1015  Btu) 


Growth 

Rate    {%) 

I 

II 

III 

IV 

0.6 

6.03 

5.1+9 

3.66 

3.28 

1.0 

8.78 

7.78 

5.20 

1+.63 

3.0 

18.19 

15.1+5 

10.19 

8.98 

5.0 

36.68 

30.29 

19-57 

16.82 

Educat 

Lonal    (1015 

Btu) 

Growth 

Rate    (%) 

I 

II 

III 

IV 

0.0 

2.2U 

2.01+ 

1.31 

1.15 

-0.7, 

o.o,  -o.8a 

2. TO 

2.1+0 

1.1+9 

1.29 

1.0 

3.27 

2.89 

1.82 

1.38 

3.0 

6.76 

5.TU 

3.1+2 

2.96 

aSee  Table   3. 

Governmental  (1015  Btu) 


Growth  Rate    {%) 

I 

II 

III 

IV 

0.0 

.68 

.62 

.36 

.33 

1.0 

.99 

.88 

.1+9 

.1+1+ 

3.0 

2.05 

l.lh 

.90 

.71+ 

5.0 

1+.11+ 

3.1+2 

1.65 

1.1+2 

lU 
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INPUT  TO  STEP  1 

Cards  1-86:   Year  and  area  added,  one  of  each  per  card,  for  1890 

thru  1975.  The  year  is  in  Ik   format  in  columns  1  thru  h. 
The  area  added  is  in  F6.1  format  and  appears  in  different 
columns  for  the  three  different  sectors  as  follows: 
Columns  7  thru  12  -  commercial  sector 
Columns  15  thru  20  -  government  sector 
Columns  23  thru  28  -  education  sector 
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INPUT  TO  STEP  2 

Card  1:  Up  to  5  different  time  periods  in  format  5  (12, IX).   For  example, 

a)  if  1976  -  2010  has  only  one  growth  rate,  then  card  1 
contains  35  in  columns  1  thru  2. 

b)  if  1976  -  1985  has  one  growth  rate  and  1986  -  2010  has 
a  different  one,  then  card  one  has  a  10  in  columns  1 
thru  2  and  a  25  in  columns  k   thru  5. 

Card  2:  Up  to  5  different  growth  rates,  one  for  each  time  period  on  card  1, 
in  format  5(F5.3,  IX) .  For  example, 

a)  continuing  example  (a)  above,  suppose  the  growth  rate 
for  1976  -  2010  is  .03.  Then  card  2  would  contain  .030 
in  columns  2  thru  5. 

b)  continuing  example  (b)  above,  suppose  the  growth  rate  for 
1976  -  1985  is  .02  and  for  1986  -  2010  is  .005.  Then 
card  2  would  contain  .020  in  columns  2  thru  5  and 

.005  in  columns  7  thru  10. 

Card  3  thru  88:  One  area  added  per  card  in  order  of  1890  thru  1975. 

The  number  is  in  F6.1  format  and  appears  in  specific  columns 
for  specific  sectors  as  follows: 

Columns  7  thru  12  for  commercial 
Columns  15  thru  20  for  government 
Columns  23  thru  27  for  education 

Card  89:  Retyr  and  Rettim  where  buildings  constructed  in  Retyr  thru  1975 
get  retrofitted  for  Rettim  years  after  1975.   Retyr  is  a 
year  and  is  entered  as  an  Ik   integer  in  columns  1  thru  h. 
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If  no  retrofit  takes  place,  this  should  be  left  blank. 
Rettim  is  a  number  of  years  and  is  entered  as  an  12  integer  in 
columns  7  thru  8.   If  no  retrofit  takes  place,  it  should 
be  left  blank.   In  models  with  no  retrofit,  cards  89  and  90 
should  be  input  as  a  blank  card. 

Card  90  thru  n:  Retrofit  energy  intensities  for  1976  thru  1976+Rettim. 
More  than  one  card  may  be  input  and  each  card  can  contain 
up  to  16  values,  formatted  as  16F5.1.  Hence,  columns  1  thru 
5  contain  EPSRET(l),  columns  6  thru  10  contain  2PSRET(2)  and 
so  forth . 

Card  (n+l)  thru  (n+3) :  Energy  intensities  for  buildings  constructed  in 

1976  thru  2010.  Thirty-five  energy  intensities  are  input 

in  format  16F5.1.  Hence,  for  card  n+l,  columns  1  thru  5 

contain  EPSNEW(l),  columns  6  thru  10  contain  EPSNEW(2),  and 

so  forth.  For  card  n+2, columns  1  thru  5  contain  EPSNEW(l7), 

columns  6  thru  10  contain  EPSNEW(l8),  and  so  forth.  Finally, 

for  card  n+3,  columns  1  thru  5  contain  EPSNEW(33),  columns  6 

thru  10  contain  EPSNEW(3^)  and  columns  11  thru  15  contain 
EPSNEW(35). 
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